7KLV SDSHU WDNHV WKH GDWD DV WKH\ DUH SUHSDUHG DQG SURSRVHG E\ WKH JHRGHVLVWV DQG LW DQDO\]HV WKHP IURP D SK\VLFV SRLQW RI YLHZ ZKLOH DW WKH VDPH WLPH DWWHPSWLQJ WR H[SODLQ SDUWLFXODULWLHV RI VXUYH\LQJ WKHRU\ DQG SUD[LV 6RPH RI WKH WHUPLQRORJ\ DQG PHWKRGV XVHG KHUH DUH PRUH IURP WKH SK\VLFLVWV SRLQW RI YLHZ DQG DUH QRW XVHG RU QRW XVHG LQ WKLV ZD\ LQ JHRGHV\ 7KDW PHDQV ZH nUVW WU\ WR H[WUDFW TXDQWLWDWLYH VWDWLVWLFDO UXOHV RI EHKDYLRU RI WKH WXQQHO PRYHPHQWV EHIRUH ZH WU\ WR XQGHUVWDQG ZK\ LW PRYHV LQ D SDUWLFXODU IDVKLRQ LQ JHQHUDO DQG LQ SDUWLFXODU SODFHV 1DWXUDOO\ LQ WKH HQG ZH WULHG WR FRUUHODWH GHYLDWLRQV IURP WKH VPRRWKQHVV RI WKH GDWD ZLWK WKH JHRORJ\ RI WKH VLWH 7KLV WXUQHG RXW WR EH GLpFXOW 1HLWKHU NQRZQ DQG H[LVWLQJ IDXOWV QRU OD\HUV RI WURXEOHVRPH VRLO HQFRXQWHUHG LQ ERULQJ WKH WXQQHO VHHP WR UHDOO\ OLQH XS ZLWK DUHDV RI FKDQJH LQ HOHYDWLRQ LQ SDUWLFXODU GLG QRW H[SODLQ GLmHUHQFHV LQ PDJQLWXGH 2QO\ ZKHQ DOVR FRQVLGHULQJ WKH XQGHUJURXQG K\GUR JHRORJ\ RI WKH EDVLQ RI WKH 3D\ GH *H[ GLG GDWD VWDUW WR PDNH VHQVH 7KLV LQYHVWLJDWLRQ LQ LWVHOI VHHPV WR EH D ZRUWKZKLOH HQWHUSULVH 7KH NP ORQJ /(3 WXQQHO LV FRPSOHWHO\ ERUHG XQGHUJURXQG LQ FRPSDFWHG JHRORJLFDO VWUDWD %RUHG WXQQHOV FRPSDUHG WR FXWDQGn{ NP ORQJ /LQHDU &ROOLGHUV SODQQHG IRU WKH IXWXUH $V DQ LQWURGXFWLRQ WR WKH GDWD ZH VKRZ DOO H[LVWLQJ GDWD IURP DV UHVWRUHG DQG SURFHVVHG E\ -LQ >@ LQ )LJXUH EHIRUH ZH GHDO ZLWK DSSURSULDWH VXEVHWV RI WKHVH GDWD 7KH FDSWLRQ RI )LJXUH OLNH PDQ\ FDSWLRQV ODWHU FRQWDLQV PXFK LQIRUPDWLRQ 1RWH WKDW WKLV GDWD VHW ZDV FRUUHFWHG IRU DOO YROXQWDU\ PDJQHW PRYHPHQWV EHWZHHQ DQG EXW QRW EHIRUH 6LQFH ZH GLG FRUUHFW IRU HDUOLHU PRYHPHQWV LQ VHOHFWHG FDVHV RXUVHOYHV WKH DWWHQWLYH UHDGHU ZLOO QRWLFH D IHZ GLmHUHQFHV LQ WKH SURQRXQFHG VSLNHV RI WKH GDWD LQ GLmHUHQW nJXUHV EHFDXVH QDWXUDOO\ LW ZDV WKH PDJQHWV ZLWK WKH ODUJHVW PRYHPHQWV ZKLFK ZHUH UHDOLJQHG LI GLVFRYHUHG DV PLVDOLJQHG HDUO\ RQ ,W LV DOVR LPSRUWDQW WR UHPHPEHU WKDW WKH RULJLQDO
),*85( /HYHOLQJ GDWD IRU DOO RI /(3 :H ZDQW WR SRLQW RXW IURP WKH EHJLQQLQJ WKDW GXH WR UDQGRP 
ZDON WKHUH LV DERXW D h PP oH[LELOLW\ LQ WKH VPRRWK IHDWXUHV RI WKH GDWD 7KH KXPSV RI PDQ\ NP OHQJWK DUH QRW QHFHVVDULO\ GXH WR D UHDO PRYHPHQW RI WKH WXQQHO WKH\ PLJKW FRPH IURP UDQGRP ZDON LQ WKH VXUYH\ SURFHVV 6RPH RI WKH FKDUDFWHULVWLFV ZKLFK DUH UHDO DUH LQ SDUWLFXODU WKH VKDUS ORFDO GRZQZDUG PRYHPHQWV DURXQG DQG NP $QRWKHU LQWHUHVWLQJ IHDWXUH LV WKH oDW DUHD EHWZHHQ DQG NP 33 ZKLFK ZH ZLOO XVH WR H[WUDFW QRUPDO PRYHPHQW FKDUDFWHULVWLFV $OWKRXJK LQ WKLV SORW WKLV DUHD VHHPV WR EH VLQNLQJ RWKHU DVVXPSWLRQV LQ WKH SURFHVVLQJ RI WKH GDWD OHG WR UHVXOWV WKDW LW LV YHU\ VWDEOH PD\EH WKH PRVW VWDEOH LQ DOO RI /(3 VHH QH[W )LJXUH %XW 33 GRHV VKRZ WKH SURQRXQFHG YDULDWLRQ RI HOHYDWLRQ GLmHUHQFHV EHWZHHQ PDJQHWV IURP \HDU WR \HDU W\SLFDO IRU /(3 DV ZH ZLOO VHH

WKH GHULYHG SRVLWLRQ RI PDJQHWV LQ /(3 LQ ,QWHUYHQLQJ UHDOLJQPHQWV KDYH QRW EHHQ WDNHQ LQWR DFFRXQW KHUH +RZHYHU WKH GHULYHG SRVLWLRQV DUH DOVR QRW TXLWH ULJKW GXH WR UDQGRP ZDON DV ZH ZLOO VKRZ 'RHV UDQGRP ZDON PDWWHU IRU WKH SHUIRUPDQFH RI /(3 SUREDEO\ QRW 'RHV LW PDWWHU IRU FRQFOXVLRQV RWKHU SHRSOH KDYH GUDZQ IURP WKH GDWD \HV 2QH VKRXOG HPSKDVL]H KHUH WKDW WKH DJUHHPHQW RI WKH GHULYHG FXUYH ZLWK YHUWLFDO ]HUR WKH KRUL]RQWDO D[LV LV QR DFFLGHQW WKHUH LV PXFK HmRUW DQG VNLOO EHKLQG LW IRU IXUWKHU UHDGLQJ VHH 5HIHUHQFH >@
c/ 3 PP \HDU >@ )LJXUH VKRZV FXUYHV ZLWK WKH WZR KLJKHU YDOXHV 1HLWKHU nW WKH GDWD 7R VXPPDUL]H WKH FRQFOXVLRQV IURP WKH GDWD LQ )LJXUH DQG )LJXUH D UDQGRP PRGHO GRHV QRW GHVFULEH JURXQG PRYHPHQWV RQ WKH PRQWKWR\HDU VFDOH % (YDOXDWLRQ RI GDWD IURP DOO RI /(3 7KH QH[W nJXUHV ZLOO VKRZ GDWD IRU DOO RI /(3 EXW D FRPSOHWH VHW LV RQO\ DYDLODEOH IRU WKH \HDUV WR :H ZLOO WDNH WKH UHVXOWV IURP 3 IRU JXLGDQFH ,Q JHQHUDO RQH FDQ VD\ WKDW WKH ODUJH PRYHPHQWV IRU /(3 GLG QRW RFFXU ZKHUH H[SHFWHG >@ LQ WKH $OORQGRQ IDXOW UHJLRQ 6RXUFH G$OORQGRQ EXW DW ORFDWLRQV ZKLFK ZHUH QRW oDJJHG DV WURXEOHVRPH DW WKH WLPH RI FRQVWUXFWLRQ )LJXUH VKRZV WKH PDJQHWWRPDJQHW GLmHUHQFH RI WKH GDWD RI )LJXUH 6LPLODU WR WKH UHJLRQ DURXQG 3 VKRZQ LQ )LJXUH D SORW RI WKH GLmmHUHQFHV EHWZHHQ DOO TXDGUXSROHV LQ ,W VKRZV YHU\ FOHDUO\ WKDW LQ DGGLWLRQ WR D QDUURZ *DXVVLDQ GLVWULEXWLRQ WKHUH LV D ZLGHU RQH ZLWK WDLOV ([SUHVVHG LQ QXPEHUV IRU )LJXUH VD\V RI WKH PRYHPHQWV EHORQJ WR D GLVWULEXWLRQ ZLWK } { PP DQG WR D ZLGHU GLVWULEXWLRQ ZLWK } { PP ,W LV DSSDUHQW WKDW WKH GDWD FRXOG EH GHVFULEHG ZLWK PRUH WKDQ WZR *DXVVLDQ FXUYHV EXW PRUH , WKDQN 'DQLHO 6FKXOWH IRU SUHVVLQJ PH RQ WKLV SRLQW +H ZDV QRW VDWLVnHG ZLWK WKH LQGLUHFW FRQFOXVLRQ ZKLFK )LJXUH DOORZV
7KLV EXV\ SLFWXUH UHTXLUHV H[SODQDWLRQ 7KH FLUFOHV DUH UPVYDOXHV FDOFXODWHG E\ WDNLQJ WKH UHVWRUHG GLmmHUHQFHV LQ TXDGUDWXUH 7KHUHIRUH LQ nUVW RUGHU D PRGHO m Q Q \HDUV SDVVHG VLQFH WKH HDUWKTXDNH VHHPV WR EH WKH ULJKW $QVDW] )URP WKH DFWXDO PDJQHW PRYHPHQWV E\ \HDU ZDV HVWLPDWHG IRU m D nW JDYH UHVXOWLQJ LQ D FKDQJH RI Q IRU WKH FKDQJH WR WKH UPV U V\PEROV LQ WKH XSSHU ULJKW RI WKH SORW
),*85( 7KH ODUJHVW GLmHUHQWLDO PRYHPHQWV EHWZHHQ QHLJKERULQJ PDJQHWV DUH FOHDUO\ YLVLEOH DQG DUH QRW DOZD\V FRUUHODWHG ZLWK WKH UDZ WRWDO H[FXUVLRQV IURP D VPRRWK DOLJQPHQW RU ]HUR 7KH QRUWKHUQ KDOI RI /(3 QRW XQGHU WKH -XUD 3 WKURXJK 3 LV FOHDUO\ PRUH VWDEOH WKDQ WKH VRXWKHUQ SDUW 7KH VSHFLDO QDWXUH RI WKH PRYHPHQWV DURXQG NP LV DOVR HYLGHQW WKURXJK WKH VHTXHQFH RI PDQ\ GLmHUHQWLDO PRYHPHQWV ZLWK WKH VDPH VLJQ )URP WKLV nJXUH RQH FDQ FDOFXODWH WKH SLWFK LI RQH GLYLGHV WKH HOHYDWLRQ E\ WKH DYHUDJH GLVWDQFH RI P EHWZHHQ PDJQHWV
),*85( )URP WKH W\SH RI DQDO\VLV RI )LJXUH RQH GHULYHV WKH VORSHV RI PRYHPHQWV LQ PP\HDU IRU DOO PDJQHWV KHUH OLPLWHG WR PDJQHWV ZLWK DYHUDJH PRYHPHQWV RI PRUH WKDQ x\HDU LPSRUWDQW LV WKDW WKH\ FDQ QRW EH VDWLVIDFWRULO\ GHVFULEHG ZLWK OHVV WKDQ $OVR EHFDXVH RI WKH PLQLPDO VWUXFWXUH LQ WKH KLVWRJUDP GDWD WKH nW HUURUV IRU FRUUHODWLRQV EHWZHHQ ZLGWK DQG VWUHQJWK RI WKH WZR *DXVVLDQ FXUYHV DUH ODUJH $ PRUH SUHFLVH QXPEHU ZLOO EH GHULYHG ODWHU IURP D GHWHUPLQLVWLF PRGHO nW WR WKH YDULDWLRQ RI UPV RYHU WKH \HDUV )RU 3 DQG \HDUV WKLV ZDV GRQH DOUHDG\ LQ )LJXUH 7KHUH LV QR SDUWLFXODU GHHS SK\VLFV
& :KDW LV WKH 5LJKW 0RGHO &RQVWDQW" _ (YDOXDWLRQ RI 5HJLRQ )LJXUH VKRZHG JUDSKLFDOO\ WKH GHWHUPLQLVWLF QDWXUH RI WKH /(3 TXDGUXSROH PRYH PHQWV 7KH PD[LPD RI WKH VLPXODWHG PRYHPHQWV VKRZQ LQ )LJXUH DUH LQ VKHHU QXPEHUV FORVH WR WKH DPSOLWXGH RI WKH PHDVXUHG PRYHPHQWV LQ )LJXUH EXW WKH\ GR QRW UHSOLFDWH WKH SURQRXQFHG PLQLPD DQG PD[LPD ,Q IDFW WKH $7/ PRGHO ZLWK LWV UDQGRP ZDON DORQJ WKH EHDP OLQH FDQ QRW SURGXFH VKDUS SHDNV E\ GHnQLWLRQ :KLOH VRPHWLPHV WKH UDQGRP ZDON OHDGV WR D SDWWHUQ RI HYHU LQFUHDVLQJ HOHYDWLRQ GLmHUHQFHV DV LQ WKH WR P UHJLRQ LQ )LJXUH JHQHUDOO\ WKH FXUYHV DUH DOO RYHU WKH SODFH (YHQ PRUH LQVWUXFWLYH DUH WKH VLPXODWHG GLmHUHQWLDO PRYHPHQWV EHWZHHQ TXDGUXSROHV VKRZQ LQ )LJXUH ZKLFK VKRXOG EH FRPSDUHG ZLWK WKH PHDVXUHG GDWD LQ )LJXUH 7KH GLmHUHQFHV EHWZHHQ PDJQHWV LQ WKH VLPXODWLRQ DUH PXFK PRUH XQGHUHVWLPDWHG WKDQ WKH HOHYDWLRQV WKHPVHOYHV QHDUO\ E\ DQ RUGHU RI PDJQLWXGH VRPHWKLQJ ZKLFK ZRXOG EH D PRVW XQZHOFRPH VXUSULVH IRU DFFHOHUDWRU RSHUDWLRQ
